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Lake Biwa, a freshwater lake located in cen-
tral Japan, is one of the world’s few ancient lakes
and was formed about four million years ago
(Yokoyama 1984 ; Kawabe, 1989, 1994 ; Meyers et
al. 1993）. This lake harbors many coastal plants
that commonly inhabit the seashore, including
Calystegia soldanella（L.）Roem. et Schult.（Con-
volvulaceae）, Vitex rotundifolia L. f.（Verbena-
ceae）, Lathyrus maritimus（L.）Bigel.（Legumino-
sae）, Arabis kawasakiana Makino（Cruciferae）,
Raphanus sativus L. var. raphanistroides Ma-
kino（Cruciferae）, Dianthus japonicus Thunb.
（Caryophyllaceae）and Pinus thunbergii Parl.
（Pinaceae）（Kitamura 1968）. These plants are
assumed to have migrated to the inland lake
from coastal populations during the period when
Lake Biwa was adjacent to the seashore, and
then inland lake populations might later have
become isolated from the coastal populations
（Takaya 1963 ; Kitamura 1968）.
Calystegia soldanella is a coastal plant that
normally grows on sandy seashores in the tem-
perate zone, including Japan. However, Lake
Biwa harbors landlocked populations of this
plant. Isolation and intraspecific differentiation
of the inland lake populations of C. soldanella
have been surveyed. Yamada（1992）found that
the seeds and flowers of lakeshore populations
are slightly smaller than those of coastal popula-
tions. Noda et al.（2009）assessed physiological
differentiation between coastal and inland indi-
viduals with regard to the response to salinity
stress, and found that inland individuals de-
crease photosynthetic activity after treatment
with saltwater irrigation and spray. In this
physiological experiment, the leaves of coastal
individuals tended to be thicker than those of in-
land individuals, corroborating the leaf thickness
might be determined by genetic differences back-
ground.
We examined morphological differentiation be-
tween inland and coastal C. soldanella by meas-
uring leaf thickness of 450 individuals from 15
populations located at Lake Biwa and seashore.
We discussed the effects of ecological factors and
genetic background on this morphology.
Materials and methods
Calystegia soldanella is a perennial herb that
grows on sandy seashores in the temperate zone.
In central Honshu, Japan, this plant blooms
from mid-May to June and bears mature fruits
at end of July ; shoots die back to the ground in
mid-summer. To assess mature leaves, measure-
ments of C. soldanella individuals were con-
ducted in mid-June of 2009 in natural habitats
around Lake Biwa（six populations）, and on the
Pacific Ocean side（Ise Bay, four populations）and
Sea of Japan side of Honshu（Wakasa Bay, five
populations）. Sampling locations and their coor-
dinates are summarized in Table 1 and Fig. 1.
The leaf lamina thickness of five fully matured
leaves per each individual（Fig. 2）was measured
using electric callipers, and 30 individuals were
used in each population. Mean value was calcu-
lated for each individual, and the data for the 30
individuals were subjected to one-way analysis
of variance（ANOVA）to test for the differences
in the leaf thickness among populations. Tukey’s
HSD post-hoc test for multiple comparisons was
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Region No. Locality
Coordinates
latitude longitude
Lake Biwa 1 Hira 35°13´ 28´´N 135°57´ 25´´E
2 Shirahige 35°16´ 56´´N 136°01´ 06´´E
3 Makino 35°27´ 36´´N 136°04´ 02´´E
4 Maiami 35°08´ 24´´N 135°59´ 47´´E
5 Sabae 35°08´ 47´´N 136°01´ 16´´E
6 Okayama 35°08´ 31´´N 136°02´ 53´´E
Pacific Ocean 7 Matsunase 34°36´ 22´´N 136°34´ 42´´E
(Ise Bay） 8 Akogiura 34°42´ 08´´N 136°31´ 17´´E
9 Shiratsuka 34°46´ 14´´N 136°32´ 33´´E
10 Yoshizaki 34°55´ 00´´N 136°38´ 40´´E
Sea of Japan 11 Wada 35°37´ 00´´N 135°56´ 25´´E
(Wakasa Bay） 12 Sakajiri 35°37´ 19´´N 135°57´ 58´´E
13 Sugahama 35°39´ 12´´N 135°58´ 32´´E
14 Suishouhama 35°41´ 02´´N 135°58´ 35´´E
15 Nago 35°40´ 32´´N 136°02´ 01´´E
Number of individuals was 30 for each population.
Table 1. Sampling locations and coordinates, and the number of Calystegia soldanella individuals
Fig. 1. Locations of the study sites in Japan. Insets and enlargement show the Lake Biwa①, Ise Bay② and
Wakasa Bay③ study areas.
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used to determine significant differences be-
tween populations. Statistical analyses were per-
formed using SPSS version 10（SPSS, Chicago,
IL）.
Results and discussion
Leaf thickness was normally distributed and
values differed significantly among populations
（ANOVA, p < 0.001 ; Table 2）. Leaf thickness of
populations ranged from 0.286±0.039mm（mean
± standard deviation ; 6. Okayama, Lake Biwa）
to 0.640± 0.125 mm（9. Shiratsuka, Ise Bay）（Fig.
3）. Leaf thickness indicated a geographical trend,
where leaves from inland Lake Biwa populations
were thinner than those from seashore popula-
tions（Turkey’s HSD ; Fig. 3）. Post-hoc multiple
comparisons resulted in five groups, with all in-
land populations（1―6）comprising one group and
the seashore populations distributed among the
four other groups.
Noda et al.（2009）detected physiological differ-
entiation in response to salinity stress between
inland and coastal individuals of C. soldanella.
Inland individuals at Lake Biwa showed a sig-
nificant decrease in photosynthetic ability in re-
sponse to having saltwater sprayed onto leaf
blades, corresponding to stomatal closure, whereas
coastal individuals showed a nonsignificant de-
crease in the same parameter. Additionally,
coastal individuals tended to have thicker leaf
blades than inland individuals, even after fresh-
water irrigation. These findings suggest that in-
land C. soldanella plants have adapted physi-
ologically to a freshwater.
Increased leaf succulence in plants has been
found to be the result of increased salt exposure
（Boyce 1951 ; Hesp 1991 ; Maun 1994）; e.g., Boyce
（1951）found that leaf succulence in dune plants
（Cuscuta veatchii Brandegee : Cuscutaceae）was
due primarily to airborne salt loading on the
leaves and branches, resulting in salt-induced
hypertrophy and the doubling or tripling of leaf
thickness.
Molecular phylogeography of C. soldanella us-
ing cpDNA and nSSR makers revealed a hetero-
geneous genetic structure between the inland
and coastal populations, corroborating the long-
term isolation of the Lake Biwa populations
from coastal plants（Noda et al., unpublished）.
This long-term isolation of C. soldanella at Lake
Biwa may have caused the morphological differ-
entiation, i.e., the loss of leaf succulence and
along with loss of salinity tolerance..
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瀬戸口浩彰・山田俊太郎・杉本友里：海浜植物ハマ
ヒルガオ（ヒルガオ科）における葉の厚さの地理的
分化：海岸と内陸淡水湖の集団間の比較
琵琶湖に内陸隔離されている海浜植物ハマヒルガ
オ Calystegia soldanella（L.）Roem. et Schult. が，
海岸の個体との間で葉の厚さに分化を起こしている
Fig. 3. Means and standard deviations of Calystegia soldanella leaf thickness. Different abbreviation above the
vertical bar indicate significant differences as determined by Tukey’s HSD post-hoc test. See Table 1 for loca-
tion numbers.
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かを検証した。比較をしたのは，琵琶湖の自生地 6
集団と海岸の自生地 9集団である。葉の厚さを測
定して多重比較検定にかけたところ，5グループに
分類された。そのうちの 1グループに全ての琵琶
湖の集団が含まれ，海岸の集団は残りの 4 グルー
プに含まれた。琵琶湖のハマヒルガオの葉は，海岸
のものに比べて，有意に厚さが薄くなっていること
が示唆された。琵琶湖は淡水湖であるために，塩ス
トレスへの適応が不要であることが，その要因の一
つとして考えられる。
（〒606―8501 京都市左京区吉田二本松町 京都大
学大学院人間・環境学研究科）
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